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(54) Optical demultiplexer and method of assembling optical demultiplexer in optical axis 
alignment 



(57) An optical demultiplexer ( 1 00) has a plurality of 
transparent ortranslucent tubes (51 52,53) combined in 
axially slidably interfitting relationship to each other An 
input optical fiber (1 ), a collimator lens (2), and a diffrac- 
tion grating (3) are mounted on the tubes, preferably on 



end faces of the tubes The optical demultiplexer can be 
assembled for centered alignment by installing the input 
optical fiber, the collimator lens, and the diffraction grat- 
ing on the tubes, and sliding the tubes relatively to each 
other according to passive alignment. 
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Description 

[0001] The present invention relates to an optical de- 
multiplexer primarily for use in wavelength division mul- 
tiplexing optical communications, and a method of as- 
sembling an optical demultiplexer in optical axis align- 
ment 

[0002] Heretofore, it has been customary to assemble 
an optical demultiplexer by securing its various optical 
components to a jig by adhesive bonding for optical axis 
alignment, centering and fixing the optical components 
secured to the jig on a planar board by way of active 
alignment, and finally placing the planar board, to which 
the jig holding the optical components is fixed, in an 
opaque case of stainless steel or aluminum. 
[0003] According to another conventional practice, 
various optical components are inserted into a single 
metal tube, and centered and fixed in position within the 
metal tube by way of active alignment while their posi- 
tions are being observed with either an observing tool 
inserted into the metal tube through an open end thereof 
or a naked eye through an open end of the metal tube. 
The term "active alignment" refers to a process of 
centering the optical components by entering light via 
an optical fiber and moving the optical components 
slightly for an optimum position (for a maximum optical 
output power) while monitoring an optically coupled 
state of the optical components. 

[0004] With the former assembling technique, it is dif- 
ficult to align the optical axes of the optical components 
with each other because of variations of the outside di- 
ameters of the optical components and variations of the 
machining accuracy of the jig which is used to achieve 
optical axis alignment, and it is also difficult to set sur- 
faces of the optical components or various optical ele- 
ments to desired angles with respect to the optical axis 
of the optical demultiplexer or with respect to each other. 
Even after the optical components have been bonded 
to the planar board, since the setup of the optica! com- 
ponents is not held in axial symmetry with respect to the 
optical axis of the optical demultiplexer, the optical per- 
formance of the optical demultiplexer tends to be unsta- 
ble when subjected to temperature changes and vibra- 
tions. 

[0005] The latter assembling practice has been dis- 
advantageous in that when the optical components are 
aligned in the metal tube, they are liable to suffer angular 
deviations from the optical axis of the optical demulti- 
plexer, resulting in a failure to achieve designed optical 
performance after the optical components are bonded 
in position. Furthermore, inasmuch as the optical com- 
ponents in the metal tube cannot directly be observed 
from outside of the metal tube, it is difficult to make ac- 
curate adjustments for centering the optical compo- 
nents for alignment and mechanically positioning the 
optical components in desired positions. 
[0006] It is therefore an object of the present invention 
to provide, preferably inexpensively, an optical demulti- 



plexer whose optical components are aligned easily and 
highly accurately with each other without the need for 
active alignment that has heretofore been required for 
highly accurate centering or adjustments and hence 

5 within a reduced period of time. 

[0007] According to the present invention, there is 
provided an optical demultiplexer comprising a plurality 
of tubes combined in axially slidably interfitting relation- 
ship to each other, the tubes being permeable to light, 

10 an input optical fiber, a collimator lens : and a diffraction 
grating, the input optical fiber, the collimator lens, and 
the diffraction grating being mounted on the tubes. Each 
of the tubes preferably comprises a hollow cylindrical 
tube. 

15 [0008] The optical fiber the collimator lens, and the 
diffraction grating are preferably fixed to end taces of 
the tubes, preferably by adhesive bonding. 
[0009] Each of the tubes is made of a material select- 
ed from the group consisting of a transparent material, 
a translucent material, and a colored material. 
[0010] Each of the tubes may have a ground outer 
surface so that they can be readily interfiled to each 
other. 

[0011] Preferably, each of the tubes has a coefficient 
of linear expansion which is at most 50 x 10" 7 /°C. 
[0012] The diflraction grating preferably comprises a 
reflective diffraction grating and is made of a material 
which is the same as each of the tubes. 
[0013] The optical demultiplexer preferably further 
comprises a detector for detecting light introduced from 
the input optical fiber, applied through the collimator lens 
to the diffraction grating, demultiplexed by the diffraction 
grating, and converged by the collimator lens. Prefera- 
bly, the detector is positioned in conjugate relationship 
to an end of the input optical fiber fixed to the end face 
of one of the tubes. The detector comprises a photode- 
tector array for detecting focused spots of the light de- 
multiplexed by the diffraction grating and converged by 
the collimator lens. 

[0014] The tubes may include three tubes, the input 
optical fiber, the collimator lens, and the diffraction grat- 
ing being mounted respectively on the three tubes The 
tube on which the input optical fiber is mounted and the 
tube on which the diffraction grating is mounted are sli- 
dably fitted over respective opposite ends of the tube on 
which the collimator lens is mounted. 
[0015] Alternatively, the tubes may include two tubes, 
the input optical fiber being mounted on an end face of 
one of the two tubes, the collimator lens and the diffrac- 
tion grating being mounted on respective opposite end 
faces of the other of the two tubes. The tube on which 
the input optica! fiber is mounted is preferably slidably 
fitted over the tube on which the collimator lens and the 
diffraction grating are mounted. 

[0016] According to the present invention, there is al- 
so provided a method of assembling an optical demul- 
tiplexer having an input optical fiber, a collimator lens, 
and a diffraction grating, comprising the steps of prepar- 
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ing a plurality of tubes dimensioned to be combined in 
axially slidabiy interfitting relationship to each other, the 
tubes being permeable to light, installing the input opti- 
cal fiber the collimator lens, and the diffraction grating 
on the tubes, bringing the tubes into axiatly slidabiy in- 
terfitting relationship to each other, and sliding the tubes 
relatively to each other to set the distance between ref- 
erence points related to the input optica! fiber, the colli- 
mator lens, and the diffraction grating to a predeter- 
mined value for thereby achieving centered alignment. 
[001 7] If the tubes include three tubes, then the optical 
demultiplexer may be assembled for centered align- 
ment by installing the input optical fiber, the collimator 
lens, and the diffraction grating on the three tubes, bring- 
ing the tubes into axially slidabiy interfitting relationship 
to each other, and sliding the tubes relatively to each 
other to set the two distances between reference points 
related to the input optical fiber, the collimator lens, and 
the diffraction grating to respective predetermined val- 
ues for thereby achieving centered alignment. 
[0018] If the tubes include two tubes, then the optical 
demultiplexer may be assembled for centered align- 
ment by installing the input optical fiber, the collimator 
lens, and the diffraction grating on the two tubes, bring- 
ing the tubes into axially slidabiy interfitting relationship 
to each other, and sliding the tubes relatively to each 
other to set the distance between reference points re- 
lated to the input optical fiber, the collimator lens, and 
the diffraction grating to a predetermined value for there- 
by achieving centered alignment 

[0019] Specifically, after the optical components, i.e., 
the input optical fiber, the collimator lens, and the dif- 
fraction grating have been installed on the tubes, the 
tubes may be brought into slidabiy interfitting relation- 
ship to each other. Then, the tubes may be axially slid 
relatively to each other to adjust the distances between 
the input optical fiber, the collimator lens, and the de- 
traction grating, and angularly slid relatively to each oth- 
er to adjust the relative angles between the input optical 
fiber the collimator lens, and the diffraction grating. 
Such distance and angular adjustments can be made 
by passive alignment which, rather than applying a light 
beam to the optical demultiplexer, achieves optimally 
aligned positions by moving the tubes into alignment 
wrth alignment markers or reference planes as observed 
from outside of the tubes. The time needed to perform 
the passive alignment is shorter than the time needed 
to perform active alignment, and the optical demultiplex- 
er may be manufactured and assembled inexpensively. 
[0020] If the tubes are axially symmetrical with re- 
spect tothe optical axis, e.g., comprise hollowcylmdrical 
tubes, then the optical performance of the optical de- 
multiplexer ts stable when subjected to temperature 
changes and vibrations after the optical components are 
fixed to the tubes. If the diffraction grating is made of the 
same material as the tubes, then the diffraction grating 
has the same coefficient of linear expansion as the 
tubes, and hence is thermally stable 



[0021] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
5 ferred embodiments of the present invention by way of 
example. 

FIG. 1 is a schematic perspective view of an optical 
demultiplexer according to a first embodiment of the 
io present invention; and 

FIG. 2 is a schematic perspective view of an optical 
demultiplexer according to a second embodiment 
of the present invention. 

is [0022] FIG. 1 shows in schematic perspective an op- 
tical demultiplexer 100 according to a first embodiment 
of the present invention. As shown in FIG. 1 , the optical 
demultiplexer 1 00 has three tubes, i.e. , three hollow cy- 
lindrical tubes 51 , 52, 53. A single-core input optical fiber 

20 1 is fixed as by adhesive bonding to an end face (left- 
hand end face in FIG. 1)of the tube 51 .which comprises 
a transparent tube for installing the optical fiber 1, 
through a fiber fixing window 50 and a fiber coupler 10 
A collimator lens 2 is fixed as by adhesive bonding to 

2S an end face (right-hand end face in FIG. 1) of the tube 
52. A reflective diffraction grating 3 is fixed as by adhe- 
sive bonding to an end face (right-hand end face in FIG 
1 ) ol the tube 53 through a diffraction grating fixing win- 
dow 54. Specifically, the diffraction grating 3 is fixedly 

30 mounted on the window 54 and positioned in the tube 
53. 

[0023] The tube 52 has opposite ends fitted respec- 
tively in the tubes 51 , 53. The outside diameter of the 
tube 52 and the inside diameters of the tubes 51 , 53 are 

35 selected such that the tubes 51, 52, 53 can slide with 
respect to each other without wobbling motion for move- 
ment along and rotation about their optical axes. 
[0024] A divergent light beam 1 01 which is introduced 
from the input optical fiber 1 into the tubes 51 , 52, 53 is 

40 spread depending on the numerical aperture of the input 
optical fiber 1, and reaches the collimator lens 2. The 
collimator lens 2 converts the divergent light beam 101 
into a parallel beam 102, which reaches the diffraction 
grating 3. The diffraction grating 3 demultiplexes the 

45 parallel beam 102 into a plurality of beams 103 at re- 
spective wavelengths depending on the chromatic dis- 
persion characteristics of the diffraction grating 3. The 
beams 103 are then converted by the collimator lens 2 
into respective convergent beams 104, which are fo- 

so cused into an array of respective beam spots on an end 
face of the window 50 that is positioned at the focal point 
of the collimator lens 2 A photodetector array 4 is fixedly 
mounted on the end face of the window 50 in conjugate 
relationship to the end of the input optical fiber 1 which 

55 is fixed to the end face of the window 50 The photode- 
tector array 4 has an array of photodetectors that are 
aligned with the respective focused beam spots of the 
beam 104 
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[0025] Heretofore, it has been the practice to actively 
align the optical components by applying light to the op- 
tical fiber 1, linearly moving the optical components 
along Y-, and Z-axes and/or angularly moving the 
optical components about a Gz-axis (the optical axis or 
the Z-axis) in order to maximize the output power of the 
photodetector array 4. 

[0026] According to the first embodiment, however, 
the tubes 51 , 52, 53 are slid relatively to each other for 
passive alignment such that the distance 201 between 
an end face of the tube 52 (which serves as a reference 
point for adjusting the collimator lens 2 on the tube 52 
with respect to the input optical fiber 1 ) and the end face 
of the tube 51 (which serves as a reference point for 
adjusting the input optica! fiber 1 on the tube 51 with 
respect to the collimator lens 2), and the distance 202 
between the end face of the tube 52 (which serves as a 
re f erence point for adjusting the collimator lens 2 on the 
tube 52 with respect to the diffraction grating 3) and an 
end face of the tube 53 (which serves as a reference 
point for adjusting the diffraction grating 3 on the tube 
53 with respect tothe collimator lens 2) will be equalized 
to designed values, as observed using an optical micro- 
scope or a CCD camera. 

[0027] According to the passive alignment, unlike the 
active alignment, the optical components are aligned by 
a simple mechanical positioning process rather than 
measuring whether the optical output power is maxi- 
mum or not It is important in achieving the passive align- 
ment to employ a mechanism for centering optical com- 
ponents as easily as possible and to eliminate any dif- 
ference between the centered position and the position 
where the maximum optical output power is reached. 
According to the first embodiment, the passive align- 
ment can be accomplished by the simple structure 
shown in FIG. 1 . 

[0028] With respect to the tilt of the diffraction grating 
3, the diffraction grating 3 can be angularly fixed to an 
angle 8z as detected by an optical microscope or a CCD 
camera. Therefore, simply by actively aligning the pho- 
todetector array 4 along the X- and Y-axes, the desired 
optical performance of the optical demultiplexer can be 
achieved easily within a short period of time. 
[0029] The tubes 51, 52, 53 should preferably be 
made of a transparent and hard material in order to pre- 
vent themselves from being damaged and worn, and 
producing particles when slid against each other. For ex- 
ample, the tubes 51 , 52, 53 should preferably be made 
of a transparent or translucent material, such as Pyrex, 
quartz glass, or the like, whose coefficient of linear ex- 
pansion is 50 x 10" 7 /°C or less, because such a material 
can maintain optical characteristics without adjustments 
even when the temperature changes. In order to avoid 
extraneous light from affecting the tubes 51 , 52, 53, the 
tubes 51 , 52, 53 may be colored or have ground surfac- 
es for a reduced cost. The tubes 51 , 52, 53 may thus be 
arranged such that the tube ends can be observed from 
outside at any arbitrary wavelengths The diftraction 



grating 3, the window 54, and the tubes 51, 52, 53 
should preferably be of the same material in order to 
prevent the diffraction grating 3 from being deformed un- 
der thermal stresses due to a heat shock or the like. 

5 However, even if the window 54 has a different coeffi- 
cient of friction from those of the diffraction grating 3 and 
the tube 53, since the window 54 is of such a structure 
as to be subject to tensile stresses and compressive 
stresses in axial symmetry and the tilt of its window sur- 

10 face and hence the tilt of the diffraction grating are not 
liable to change, the window 54 may not necessarily be 
made of the same material as the diffraction grating 3 
and the tube 53. The window 50 may be made of quartz 
glass, and the window 54 and/or the tubes 51, 52, 53 

15 may be made of Pyrex for equalizing the refractive index 
of the input optical fiber 1 to the refractive index of the 
window 50. If the adhesive resin interposed between the 
input optical fiber 1 and the window 50 has a refractive 
index which is the same as the refractive index of the 

20 input optical fiber 1 and the window 50, then undesired 
back reflections to the input optical fiber 1 are reduced. 
[0030] In the above embodiment, the tube 52 to which 
the input optical fiber 1 is fixed and the tube 53 to which 
the diffraction grating 3 is attached are slidably fitted 

25 over the opposite ends of the tube 52 to which the col- 
limator lens 2 is attached However, the opposite ends 
of the tube 52 may be slidably fitted over the tubes 51 , 
53, insofar as the tube ends can be observed from out- 
side at any arbitrary wavelengths. 

30 [0031] FIG 2 shows in schematic perspective an op- 
tical demultiplexer 200 according to a second embodi- 
ment of the present invention. As shown in FIG. 2, the 
optica! demultiplexer 200 has a fiber fixing window 55 
on an end face of a fiber installing tube 56, a fiber array 

35 board 57 mounted on the fiber fixing window 55, an input 
optical fiber 1 mounted on a side surface of the fiber 
array board 57 and fixed to the end face of the tube 56, 
an optical fiber ribbon 40 mounted on an opposite side 
surface of the fiber array board 57, a tube 58 having an 

40 end fitted in the tube 56, and a window 59 mounted on 
an opposite end of the tube 58. The collimator lens 2 is 
fixed to the end of the tube 58 that is fitted in the tube 
56, and the diffraction grating 3 is fixed to the window 
59 and positioned in the tube 58. 

45 [0032] The optical fiber ribbon 40 comprises an array 
of closely arranged optical fibers (4, 8, or 12 optical fib- 
ers, for example) which are encased in a resin covering. 
[0033] In the second embodiment, since the diffrac- 
tion grating 3 and the collimator lens 2 are fixed respec- 

50 tively to the opposite ends of the single tube 56, the dis- 
tance between the diffraction grating 3 and the collima- 
tor lens 2 cannot be adjusted. However, the optical com- 
ponents can more easily be aligned or centered than 
those of the first embodiment shown in FIG. 1 because 

55 only the two tubes 56, 5£ are used as positionally ad- 
justable tubes Specifically, according to the first embod- 
iment, after the optical components have been mounted 
on the three tubes, the two distances 201 , 202 between 
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the reference points need to be adjusted by sliding the 
three tubes for aligning or centering the optical compo- 
nents According to the second embodiment however 
after the optical components have been mounted on the 
two tubes, only the distance 203 between two reference 
points, i.e. , the end face of the tube 56 close to the tube 
58 and the distal end of the collimator lens 2, needs to 
be adjusted by sliding the two tubes. 
[0034] In FIGS. 1 and 2, the diffraction grating 3 is in- 
dicated by the solid lines for illustrative purposes though 
it should be indicated by the broken lines as it is located 
within the tube 53 or 56. 

[0035] The foregoing description of a preferred em- 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed. Obvious modifications or variations are pos- 
sible in light of the above teachings. The embodiment 
was chosen and described in order to best illustrate the 
principles of the invention and its practical application 
to thereby enable one of ordinary skill in the art to best 
utilize the invention in various embodiments and with 
various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the inven- 
tion be defined by the claims appended hereto. 



Claims 

1. An optical demultiplexer comprising 

a plurality of tubes combined in axially slidably 
interfittmg relationship to each other said tubes 
being permeable to light; 
an input optical fiber; 
a collimator lens; and 
a diffraction grating; 

said input optical fiber said collimator lens, and said 
diffraction grating being mounted on said tubes. 

2. An optical demultiplexer according to claim 1, 
wherein each of said tubes comprises a hollow cy- 
lindrical tube 

3. An optical demultiplexer according to claim 1 or 2, 
wherein said optical fiber said collimator lens, and 
said diffraction grating are fixed to end faces of said 
tubes. 

4. An optical demultiplexer according to claim 2 or 3, 
wherein each of said tubes is made of a material 
selected from the group consisting of a transparent 
material, a translucent material and a colored ma- 
terial 

5. An optical demultiplexer according to any preceding 
claim, wherein each of said tubes has a ground out- 



8 

er surface. 

6. An optical demultiplexer according to any preceding 
claim, wherein each of said tubes has a coefficient 

5 of linear expansion which is at most 50 X 10~ 7 /°C. 

7. An optical demultiplexer according to any preceding 
claim, wherein said diffraction grating is made of a 
material which is the same as each of said tubes. 

10 

8. An optical demultiplexer according to claim 3, fur- 
ther comprising: 

a detector for detecting light introduced from 
?5 said input optical fiber applied through said col- 

limator lens to said diffraction grating, demulti- 
plexed by said diffraction grating, and con- 
verged by said collimator lens; 
said detector being positioned in conjugate re- 
20 lationship to an end of the input optical fiber 

fixed to the end face of one of said tubes. 

9. An optical demultiplexer according to claim 3, 
wherein said detector comprises a photodetector 

25 array lor detecting focused spots of the light demul- 

tiplexed by said diffraction grating and converged 
by said collimator lens. 

10. An optical demultiplexer according to any preceding 
30 claim, wherein said tubes include three tubes, said 

input optical fiber, said collimator lens, and said dif- 
fraction grating being mounted respectively on said 
three tubes 

35 11. An optical demultiplexer according to claim 10, 
wherein the tube on which said input optical fiber is 
mounted and the tube on which said diffraction grat- 
ing is mounted are slidably fitted over respective op- 
posite ends of the tube on which said collimator lens 

40 is mounted. 

12. An optical demultiplexer according to any of claims 
1 to 9 : wherein said tubes include two tubes, said 
input optical fiber being mounted on an end face of 

^5 one of said two tubes said collimator lens and said 

diffraction grating being mounted on respective op- 
posite end faces of the other of said two tubes. 

13. An optical demultiplexer according to claim 12, 
50 wherein the tube on which said input optical fiber is 

mounted is slidably fitted over the tube on which 
said collimator lens and said diffraction grating are 
mounted 

55 14. A method of assembling an optical demultiplexer 
having an input optical fiber, a collimator tens, and 
a diffraction grating, comprising the steps of 
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preparing a plurality of tubes dimensioned to be 
combined in axially slidably interfiling relation- 
ship to each other, said tubes being permeable 
to light; 

installing said input optical fiber, said collimator s 
lens, and said diffraction grating on said tubes; 
bringing said tubes into axially slidably interfit- 
ting relationship to each other; and 
sliding said tubes relatively to each other to set 
the distance between reference points related to 
to said input optical fiber, said collimator lens, 
and said diffraction grating to a predetermined 
value for thereby achieving centered align- 
ment. 
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